In the last decade, internal conflict has greatly hindered market transactions across regions of Sudan, especially transactions between Darfur and the Rest of Sudan. Food aid has helped to offset not only the absence of commercial inflows of grain, but also reductions in Darfur's cereal production. This paper explores the determinants of cereal prices in Sudan utilizing a simple partial equilibrium framework for wheat and sorghum, the country's two main food staples. We also present econometric evidence on the lack of integration of sorghum markets between Darfur and central Sudan, along with quantitative estimates of the impacts of food aid on market prices in the region. The paper concludes with a discussion of national food policy and the paradox of simultaneous commercial exports and large-scale food aid imports of sorghum.
I. Introduction
Food availability and access vary sharply across Sudan, the largest country in terms of area in Africa. Large irrigated and dry land mechanized farms along the Nile basin in northeastern and central Sudan produce sizeable marketed surpluses, but vast distances, internal conflict and poor infrastructure greatly limit commercial flows of food staples to deficit areas in southern Sudan and Darfur (in western Sudan). Moreover, these latter two land-locked areas are generally isolated from international commercial food markets, except for large scale inflows of food aid. Thus, the economic forces that drive food prices and market flows in southern Sudan and Darfur generally differ from the rest of Sudan, as do household food security outcomes.
Historically, there were substantial commercial grain flows from central Sudan to Darfur (De Waal, 1989; Teklu et al., 1991) . In the last decade, however, internal conflict has greatly hindered these market transactions. With massive out-migration from rural areas to the relative safety of cities, agricultural production in Darfur has fallen dramatically, as well.
Large inflows of food aid have helped to offset not only the absence of commercial inflows of grain, but also the reductions in regional production. Local markets, supplied by both local production and sales of food aid thus remain important as a source of food for almost all households in the region. Almost all of this food aid is imported, though in 2008, one-fourth of the sorghum delivered as food aid to Darfur was procured in eastern Sudan. Imported food aid sorghum in 2008 totaled about 300 thousand tons, approximately equivalent in volume to Sudan's private sector sorghum exports to the Middle East (used mainly for animal feed) in the same year. This paper explores the complex interactions between food aid inflows, national food policy, market prices and household food security in Darfur. Section two presents an overview of food production, commercial trade, food aid imports and net availability in various regions of Sudan. Section three discusses determinants of cereal prices in Sudan utilizing a simple partial equilibrium framework for wheat and sorghum, the country's two main food staples. Section four focuses on food aid inflows and price determination in Darfur, presenting econometric evidence on the lack of integration of sorghum markets between Darfur, southern Sudan and central Sudan, along with quantitative estimates of the impacts of food aid on market prices in Darfur. Section five concludes with a discussion of national food policy and the paradox of simultaneous commercial exports and large-scale food aid imports of sorghum.
II. Sudan: Cereal Production and Supply
Less than ten percent of the land in Sudan is arable, and water availability is generally the key constraint on agricultural production. The most productive areas are the large-scale irrigated farms in the Nile basin in eastern Sudan which grow a wide variety of crops, including wheat and vegetables. Semi-mechanized non-irrigated farms in eastern Sudan, for which land preparation is done using tractors, are the major surplus producers of sorghum.
Most of the farms in the country, however, have neither irrigation nor mechanized land preparation, and produce drought-tolerant sorghum and millet. In higher rainfall areas of southern Sudan, maize is also a major staple food crop.
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Sorghum is by far the major food crop, accounting for three-quarters of national cereal production in 2007 (Table 1) . Crop production patterns nonetheless vary across the three major regions of Sudan. In Darfur (western Sudan), low levels of rainfall and lack of irrigation greatly limit crop choice and productivity. Overall cereal production, split almost evenly between millet and sorghum, was only about 590 thousand tons (85 kgs/capita), far below consumption needs. Sorghum dominates cereal production in Southern Sudan, where it accounts for about 90 percent of nearly 1.0 million tons (174 kgs/capita) of cereal produced.
Wheat is grown only along the Nile River in the Rest of Sudan, where it accounts for nearly 15 percent of total cereal production of 4.9 million tons (203 kgs/capita). 
III. Market Price Determination in Central Sudan
Although sharp rises in international cereal prices have caused great concern in many developing countries, the recent food price increases in Sudan have been small relative to earlier domestic price surges related to droughts. Of Sudan's three major staples, wheat, sorghum and millet, only wheat has consistently been a tradable good in the past decade. In most years, sorghum has been a non-tradable good, with a domestic price well above the export parity price, but well below the import parity price. Millet has consistently been a nontradable commodity. Domestic wheat prices in Sudan have largely been determined by import parity prices. The exception to this general pattern was 2005, a year when drought led to a 1.7 million ton (39 percent) fall in production of sorghum. Although commercial wheat imports rose by 460 thousand tons from 1.07 to 1.53 million tons, the volume of imports was insufficient to keep domestic prices from rising above import parity. In 2007 and early 2008, domestic wheat prices rose by almost 80 percent along with import parity levels (which nearly doubled). Real domestic wheat prices rose by only 50 percent over this period, though, because appreciation of the real exchange rate of the Sudanese pound relative to major trading partners helped offset the rise in international wheat prices (Table 2) . 
Model Simulations of Market Prices
To analyze the impacts of production shocks, changes in world prices and changes in food aid net inflows, we utilize a simple partial equilibrium model of the sorghum and wheat markets. The model assumes that domestic wheat prices are determined by import parity prices (and are thus exogenous in these simulations), but that sorghum prices are determined by domestic demand and net domestic supply which in some scenarios is reduced by private sector commercial exports. In the main simulations, we assume an own-price elasticity of demand of sorghum of -0.8 (and -0.5 in the sensitivity analysis).
Model simulations suggest that in the absence of exports or any changes to food aid inflows, the 22 percent decline in domestic production in 2008 would have led to an estimated 18 to 27 percent increase in real sorghum prices (Table 3) . These figures assume an integrated national market. Assuming that sorghum and wheat markets in Darfur and southern Sudan were effectively isolated from markets in the rest of Sudan (as suggested by the econometric evidence presented below), the estimated effect of the 26 percent production decline in the Rest of Sudan is 21 to 32 percent.
Exports of 300 thousand tons of sorghum in 2008 which reduced net domestic supply raised real domestic sorghum prices by an estimated 7 to 10 percent, assuming an integrated national market, and by 9 to 14 percent, assuming a smaller core national market in the Rest of Sudan. In either case, consumers suffered while producers (and traders) benefited from the opportunity to export sorghum in 2007/08.
The World Food Programme also procured about 100 thousand tons of sorghum domestically in 2007/08, a figure only about one-third the level of commercial exports.
Assuming that the cereal markets in the Rest of Sudan are not integrated with the Darfur and Southern Sudan, the combined effect of commercial exports and the domestic procurement was to raise prices from 13 to 18 percent relative to Simulation 1 (Production Shock Only).
Relative to a scenario of a production shortfall with commercial exports (Simulation 2), the effect of domestic procurement was minimal, raising sorghum prices by only about 4 percent.
3 Thus, domestic procurement of food aid in 2008 played only a minor role in domestic sorghum price increases, especially as compared to the effects of the production shortfall and commercial exports. 
IV. Food Aid and Market Prices in Darfur

Impact of Food Aid Flows on Sorghum Prices in Darfur
In order to estimate the impact of food aid on market prices in Darfur, we estimate a reduced form equation including wholesale prices and quantities of food aid distributed. Since reliable data on cereal production in Darfur is not available, we attempt to capture the effects of weather-related production shocks in Darfur by using the relative price of sorghum in 4 The El Geneina data series was considered stationary with both statistical routines (at 1 percent). Nevertheless, since this series was constructed from a different data source and had many missing values, it was not included in the subsequent analysis. 5 The Juba data series starts only in 2006 and is thus too short to permit conclusive estimates of the presence or absence of cointegration.
Darfur to the price of sorghum in El Obeid. Assuming similar production shocks affecting both Darfur and El Obeid (and central Sudan), relative prices of sorghum between these markets will largely be determined by food aid flows into Darfur.
As shown in Figure 2 , wholesale sorghum prices were typically above those in El Obeid before the conflict (i.e. in 2002), and below those in El Obeid after the conflict started.
Periods of high food aid inflows tend to correspond with low price ratios (i.e. prices in Darfur below those in El Obeid). Note also, that food aid inflows into Darfur have followed a seasonal pattern in recent years with food aid flows higher in the lean season (June to November).
Both ADF and PP routines indicate that food aid deliveries and price ratios for Nyala and El Fasher are non-stationary (both in levels and logarithms), at a significance level of 6 percent on average. Note, though, that the power of this test is weakened by the presence of a structural break -for the onset of the Darfur crisis in 2003, see Perron, 1989 . Thus, we proceed with Engle-Granger procedure for univariate cointegration models (Engle and Granger, 1987 ) that consists in an Ordinary Least Squares (OLS) regression including the price ratio and food aid deliveries to Darfur (Table 6 ). For both Nyala and El Fasher, increases in food flows result in a statistically significant decrease in market prices relative to those in El Obeid. Cointegration relationships were validated by the stationarity of the estimated residuals. Note that specific tables for testing the significance of the super consistent estimators and stationarity of the estimated residuals (Cointegration-ADF) were used (see MacKinnon, 1990 ). However, the high degree of auto-correlation of the residuals of these equations suggest that the coefficients could overstate the impact of food aid on market prices, so further analysis is needed. Nyala price relative to El Obeid) 7 . By comparison, using the simple multi-market model outlined above for Darfur region only, a 10,000 ton/month increase in food aid would result in a 22 percent decline in the real price of sorghum.
By lowering this market price, food aid increases food access for all net-purchaser poor households, not only those who are direct recipients of food aid. This is particularly crucial in drought years as in 2005 when the rest of Sudan was affected by high food prices but Darfur prices remained low.
V. Conclusions and Policy Implications
Food aid policy in Sudan has adapted over time in response to problems encountered and changing market conditions. After initial distribution of large volumes of wheat led to substantial sales by recipient households and backflow of wheat from Darfur to central Sudan, WFP replaced its wheat food aid with sorghum. Moreover, flows have been sufficient to substantially increase food supply in Darfur and even reduce prices below those in central Sudan, although the price reduction has not been so steep as to make sorghum trade from Darfur to central Sudan profitable. Thus, from a regional perspective, the policy is functioning well, reducing prices for food insecure net purchaser households in Darfur while avoiding adverse impacts on producer incentives in the Rest of Sudan.
From a national perspective, however, simultaneous private sector exports, domestic procurement and food aid imports is socially wasteful though logical for each of the major actors given their individual objectives and constraints. Major food aid donors such as the United States still prefer to give donations in kind, in large part because this aid has the support of producers, shippers and even NGOs based in the donor country (Barrett and Maxwell, 2005) . The World Food Programme, constrained in the amount of cash donations it receives, has insufficient funds to procure more locally and in any case would find it difficult in the short-run to massively escalate local procurement. Sudan's national government benefits from the food aid donations (which fund relief efforts) and from foreign exchange earnings from sorghum exports. Private commercial traders simply sell to buyers at the market price.
Ultimately, the social cost of this policy is shared by the donor countries (who pay too much for the delivery of sorghum to intended recipients) and Darfur's poor (who perhaps could have received more resources if the same amount of donor resources were spent on lower cost locally purchased sorghum). Note that in this case, where food aid volumes have been large enough to make private imports of food into Darfur unprofitable, cash transfers would not lead to similarly large increases in food supply nor low prices for poor households purchasing from the local market.
Of course, the most important measure to increase food security and welfare of the people of Darfur is to end the conflict and restore peace. When peace is restored, in-kind food aid inflows to the region will need to decrease to avoid price disincentives on local production. In the mean time, substantial volumes of food aid benefits poor net consumers in Darfur both through the direct transfer of resources and by lowering market prices in Darfur.
In any case, a greater reliance on local procurement of food aid sorghum (from other parts of Sudan, or perhaps in the long run, from rural Darfur itself) would free up additional resources for needed development and poverty alleviation welfare programs. 
